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F1E HEDPerlc LR

BIERR DA TV DL 70 77 2 v V' SEEIC Perl6 3% 5, Perl6 X351 & FEEH 7 HE L
TEH., BEDFHELFLEEIL Rakudo L MEIXIL TV %, Rakudo & Perls 4% 7%y kT
H5, NQP LMEN 3 FiEzhoic, fidInTw s, NQP HEIZ 7 1 2 R AL
EREIEIN S, FABUHLR OB TEIT IS, Rakudo DEEFETT 2 RAREMIL.,
Perl6 QMR TH % MoarVM,  Java BREZD JVM 25 IRAJRETH 5,

Rakudo (34 % 77V ¥ O#EIRGH AL O, 2N R ABRE Mo 2 7)) 7' SRE L b
LT, ERIRETH S, £/, FETERETH 5 MoarVM D FEIEREHEMETH D |
FK7 case XBHAHIN T 242, RELPELZ->Tw5,

WFRETHIFEL T35 7077 3 v 7 F5EIC,  Continuation Based C (CbC) 23%
%, CbClFC LHEMMEDH 2 FFETHY., BIBEL VML HATH S, CodeGear % H
WTCHEIIRT 2 Z EDHJRE & 2 5, CbC TlE4 CodeGear [AIDOBE)IC, BELR &2 IRGE
TROWREICHEH T 2Rk GEZ A Tws, BEMkEEZH O EPETHL A, C
SHEICBT V=7 L 2R T 2 FARE L 2 B,

WHEFETD ChbC ZHWAHFEICE WTIE, CbC D BN Z DG 22,
27V TP EBUBEZTIE, N FPa—F2oFEITTIREMBDT 4 ANy FDORRIC
switch 775 gec IRIRD 7 XV goto = EZ ML T 5, T 6 I#EH E K% switch-case
XEBD, HEDC 7 7ANICEHRE I 52845 %5, CbCDYH. T D case XHHY
@ CondeGear Z LT 2 ENARETH 245, A7V 7 P FEEUHROFBICHEL Tw 2
EEZoNG, $1.20@BT 4 ANy FHTIE. A2 7 ERBOFLINRUMETSH
20, A7V 7 FEFEOWRBICIEETHLHTOEENSEH L 720y, ZOET2E
1E7T 5,

MoarVM 13 C SRECRliBINTE D, C L H#MED H 2 SFETHIUIILIRT 2 Fodw]
HEE75b, CbClZC LHMEDH 2 5FETH 545, MoarVM O —lELib %2 CbC THF &
Yz 2HPVREL %25, CbCIZEIT B CodeGear %, PBIEL X Do 2Bz & LCTHIHH
KB4, MoarVM DT 4 A%y FDE K% case XDFH ZH#aZ DY CodeGear % 5
ZLTHBTHL LEEZ S,

AHHFETIE CbC Z V> T Perl6 DFEITEREITH 5. MoarVM Dfir a7 4 A8y FHy
DD EZHZ 2T 5,



25 Continuation Based C

2.1 CbCOHIE

Continuation Based C (CbC) 13 4WEECHFEZIT>TW»Wb 7077 IV I EiEThH
%, BEIZCav 84 5TH % gecc KW lvm #/8y 7 v B & L7z clang, MicroC 2 v
A7 LD IEBEDOFEENDH 5,

EL k3 LRV A AN R 4 L v N > Q7= 70 A/ WP RY 52 KDY (i1 1N
malloc 2 EDBIBZFMH LX)V D707 — R EOX ) EMBPBHEL I 5, il
BLI =NV P v 7 EOML BNERNIEL %55,

26 D% meta computation EFESR, FEELTWE 7077 LMICE TS —D
JRADY,  JEHE OMBED> meta computation & DXl &2 T2\, £z, v I LH
HOMGEEPEEH S . EE OB £ & meta computation 1ZXHI L 72\, J8E C Fibk
ExHwiz7v 77 v 7084, meta computation &EHE DU Z 3EH %2789 £ T
%L, ZNEFNHEMLLICEES 7 7 A2 pEHERIE% 6 TES TIER L,

CbhC TIZEI% & D meta computation % fli7> Gl 3 2 2512, CodeGear &WEIXN 2 H
22 E AT %, CodeGear Tld, 7T—FDAMHIIE L TDetaGear &9 i ZE AT 5,
CbC Tlx, I 56 CodeGear & DetaGear ZFHEAHL & L THREL T v rI 3y
TAZANERS,

2.2 CodeGear

CbC Tlx C FEEDBEE D D IZ CodeGear ZEH AT %, CodeGear 1x C S iED I
He DMADRDDIT _code L ELHTHSHIHK S, _code ld CbC 2 v /31 7 TOHL>
WEvoid EF UL E LT DS, CbC 7'mr 27 27 Tld CodeGear TH L HZRT ., itk
A& LTHHT 3,

CodeGear [ZEH D C FSEEOBIE E 13820, BRVEZR -2\, ZD 7% return X
PR D EDO T 7 & DIFHRIIETE L 2\,

CodeGear [HDFEE) X goto SLTITV>,  goto DIRIZXIGT % CodeGear £ % 5tilbd % Z
ECERT S, B CEHEOMEIFOHLTIE, Ay I R4 V¥ Z2BIEL, v—AL
BR, VIRIEREZ RSy 2IRET S, TNSITEET Y 7 7D callfir e L
T IN 3,

CbCDHA. AF v 7 7L —LZ2EEETIZRD CodeGear ICE R T 2, ZOFEC D
BIEFEFONH L xR, eI h v 2 BET20AD jmp s & L TUE I
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%, W Scheme D call/cc 7 £ DfkHE & FFIXN 2 08I, BfED 70 75 L% TOAE
PlERE. BREEL LR LZRETER T2, CbC DEA NG BRE LR T&ER T
5%, BWEOMEEE L TEETH 2006, BEMKKTH S LE R 5, Faiklhiz ]
S 2%, V— 7 LRk RO L % ECHEBT 21L& 5,

CodeGear [BID AT DZ T LIE51EZHHL TiT 9,

ZUFEE RGN I, CodeGear D AMNTIDA v 5 —7 24 A%HiZ 252 LT, 51#
THZONT VY RAY ZEHETICHMET 2 ELTRTH L5720 TH 5,

FEEIZ CbC THV/ca—Filz Yy —Z2a—F21I1RL, a— FRToREEEZ M
2.1 TR T,

V—Za—F 2.1: I EXFINZHRET 5 CbC a2 — KDl

1 |extern int printf(const charx,...);
2

3 | typedef struct test_struct {

4 int number;

5 char* string;

6 | } TEST, *TESTP;

7

8

9 | __code cgl(TEST);

10 | __code cg2(TEST);

11 | __code cg3(TEST);

12

13 | __code cgl(TEST testin){

14 TEST testout;

15 testout.number = testin.number + 1;
16 testout.string = testin.string;
17 goto cg2(testout);

18

19

20 | __code cg2(TEST testin){

21 TEST testout;

22 testout.number = testin.number;
23 testout.string = "Hello";

24 goto cg3(testout);

25

26

27 | __code cg3(TEST testin){

28 printf ("number = %d\t string=_%s\n",testin.number,testin.string) ;
29

30

31 | int main(){

32 TEST test = {0,0};

33 goto cgl(test);

34

2.1: V—A22—F 2118 % CodeGear DIRAEER

goto cgl(test); goto cg2(testout); goto cg3(testout);



ZDHITIE, cgl, cg?2, cg3 £ CodeGear ZHEL, N6 Z2K2.1D#Y ., cgl,cg2,cgd
DN CEEEREMESE L T <, Z2NZND CodeGear ~NE, goto XZFHT 2, AHIEL
T main BAECAER L 72 TEST FHGA 23213 L, cgl TEAMEDMEZ, cg2 TX TSI
DFEZLT o main BIED & cgl ~D goto XX TIE, C DEIED 5 CodeGear ~DEH) &
%55, calfimTIE R jmp A TITbN S, cgl 6 cg2, F7cg2 25 cgd N,
CodeGear [AITCOEEN & 72 % 729 jmp B COBEMEE U I NG, 2 DHITIZRMAN
IZ test.number 121% 123, test.string {21 Hello 2353 7E 415,

CbC TIFBIEMF O L ofthic,  for SC5° while (7% £ D)L — 7HilfiZ FEL TWw» %, CbC
TU—7HYDY Zilld 28%1%. P LZFHT 5, CERET. V— 72
UL TREAT 256, HRPFOHLOEIZRAY v 7 IEDPEEN T AT, Ay
7S EHORS LTCLEVRY y 74— "= 0 =054 2%, ZnxlbEd 31z,
KEMFEEMFIINZETOT 0y I I v IPERINS, CbC DEE. CodeGear A1
OREEMGEE, MAEIICRERRDIZICR 5, £7-. CodeGear 7* 5 CodeGear D&
Bk, AZv 7z HHLEV, 2D, CodeGear DFmIFUIH L ZFMHLTH, A
B I A== —%FREIE LI EDNR0, ZONMERREBIFOH LERZE (tail call
elimination) &MY, CbC a2 v 284 7%, % CodeGear D&M %2 KRR IS 5,

FEBRICH 2 BOBREZFHR T CTu s 768, 207U 7 0% ChC THEHEL L
BEDY —Aa—FRERT,

2.3 CEDEHIRMN

CbC 284 F1Za v A NVHRDY — A a—Fd, CbCTHECEETHI0%
Wi %, ZDERIC CodeGear ZFIH L TR WEAIZ, BFEoOC 7 vwro0ELTCa
YRANVELTD, AR THEET 5 MoarVM O EJL FIZEWTH, CbC TH EHZ /-
V—Z22a—=F»PH 25 MoarVM &, F2MA T WA YT FHNLDC FiETHEIN
MoarVM % [dl—® CbC 2 84 2 TEN FTHHEPAETH 5,

¥ 7. CHEDRED 5 CodeGear ~iffE 5 Z & 13 goto THRETH %, CodeGear
T C OB ZFOH L., ZDfRZ2ZED . XD CodeGear IZEET 2 HLHHF D C
D7y 7 v JFRRARETH 5,

L 2> L CodeGear 205 C DBIBUCTHORE D, CodeGear AL DERD 615 X 9 IH
ELIWEERH 5, ZOBIIEEMNZ goto EWMHEN S FEZIS, Z1UE_CbC_return
KO, _CbC_environment &9 B ZMHT 5, ZDOEEIE _CbC return 230D HEL
WCRBBRIZAIHT % CodeGear 2 L. _CbC_environment 1Zf8JRKFHIZE T ILDOERE T
b5, BT 256, WOHLZMEICIRES T, O L Z2BEBOK T T 2 ME I
%, FEERICBREM SR L 72580 % 7L a—FE2 Y —R2a—F22105R7,

V—2Z2a—F 2.2: BalEAEE ki ofil

1 |#include <stdio.h>
2
3 | __code cg(__code (*ret) (int,void *),void *env){

4



goto ret(l,env);

int c_func(){

goto cg(_CbC_return,_CbC_environment) ;
9 return -1;
10 | }

12 | int main(){

13 int test;

14 test = c_func();

15 printf ("%d\n",test);
16 return O;

17 |}

ZOHITIE, EE cfunc DIR D EHD-1 TH 2K, B test 1T1X-1 D3FEE I 115 0> DER
IR Z %, L2 LB cfunc W CodeGear TH % cg ICIEREMIEL TE D, cg TIFERE

& gotoZMMAL T, 12REYVEE L TCOREEKICKS, 2D

B

OV Lot c_func

DREDIETH % -1 DR DIT, BB E goto TEI NS 1 D3RI, B test 1213

1MUAE NS,




B3E Perl6

3.1 Perlc DHEIE

Perl6 | 2002 4EIZ LarryWall 23, Perls Z B E#i2 2 55k L GRGEI 2B L7 7 a7
7 IVIERETH D, Palb DFENLRMERTH S, A7 =7 MambkaEDE 729

F—r, EBREHOERHRNOIERZ EZH AN SiEE L TGS 17z, Perls a;t%&
Al EFEEEDE—TH D, Unix X— ZADERETEICHH I LT % perl 1Z Larry 51
THAEIN TS CERBICL2HEEDARTH %, Perl6 12{1hk & FL3 z)v\%&éfmﬂ:a b
BEIXZT A B AA —FTH % Roast DMEEEE 7> T 5,

FEEEIFE IR % 72 b DDSBHFE S L TE D, Haskell THEEEI 17 Pugs, Python &
DHLFIFEITEREL 2 HiR L 72 Parrot 7 EDME(ET %, Pugs % Parrot [3BIE X FESL N 7 5228
Lo TED, HREfTONTORY, BIFEDOTELEITH 5 Rakudo IE, Parrot &
AN D D THEINEA TS, Perl6 ZOLDIZA 7Y 7 FEiEE L THEEINTE
D, WHENERIS I SEECTH 5, SENRRHEE LT, MEIC Perle O 30E % SRR HE 722
Grammer, Perl5 LB LTA 7Y 27 FMERSEEL L TCoOBEEDRILZ EDRR SN 5,

Perl6 13 5B 2R, 203 Perls & RIRICEZ2>TE D, SiEM L AE
L7V, 204, BIETIE Perls & Perl6 I35 S5EE L CHIFEINTE D, Perl6 iZFH
PR TH % Rakudo 2> 5 4HTZHLD . Raku &\ I HIEADBOWT W5,

3.2 Rakudo

Rakudo & & NQP IZ X > Caid & 41, MoarVM. JVM ETCEI{ET % Perle D% T
H 5, NQP &l NotQuitPerl DIETH D, Perl6 DY 71y b TH 5,

Rakudo 2% Perl6 D 2 >34 24 & 7’V & &£ L CH#ET %, Rakudo DI % X
3.1IZRT,

Perl6 Z Db DId NQP TAAD GBI NTED, FD LT Perl6 HE Ttk E 1 7- &
FIOMFET %, K3 1ITRT EED, MoarVM MEIRT % DX NQP 23547 L 72 MoarVM
NA Fa—=FThH%, Perlo6 D71 77 Lid Perl6 KX NQP a2 > 284 712 X - T MoarVM
WA Fa—FIZEI I, MoarVM 235§ %, HAEIZ MoarVM Dtz JVM & BIEER
B LU OGRIRNBEETH 525, JVM NI MoarVM & Bl U THE I N HEE D 2o
% EDRHED D 5,

MoarMV Z Db D% Perl6 ° NQP 7’1 7" 7 A % [EIZFEAM§ 2 K0, 7o T,
NQP KU Perl6 TEH» 4TV % Rakudo YV — A 2 — F 5 EL R 581X, F® NQP
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3.1: Rakudo DHERIX

Perl6

NQP

MoarVM JVM

A VYTV THSngp 2 ENVFT 20EBIFET 5, Rakudo D EIV FIRFIZIE Z D ngp
E. ngp BEIET 2 VM ZREE L TEZ2BERDH S, ZOMEZIEELZOEE,
EOV FIRFICEIIZ NQP, MoarVM #Y — A a—F#%# 4% vu—FL, ENLVFZ{79, E
PXIC NQP Ttk S #1172 Rakudo DEHD—H %2 Y — A 23— F 3.1 1TR 7,

Y — A 32— F 3.1: Rakudo DFEHED—

use Perl6: :Grammar;
use Perl6::Actions;
use Perl6::Compiler;

# Initialize Rakudo runtime support.
ngp: :p6init ) ;

0O N O U W+

# Create and configure compiler object.

my $comp := Perl6::Compiler.new();

$comp.language (’perl6’);
$comp.parsegrammar (Perl6: : Grammar) ;
$comp.parseactions(Perl6: :Actions);

$comp.addstage (’syntaxcheck’, :before<ast>);

$comp.addstage (’optimize’, :after<ast>);
hll-config($comp.config);

ngp: :bindhllsym(’perl6’, ’>$COMPILER_CONFIG’, $comp.config);

= e e e
DU WD = O O

3.3 MoarVM

MoarVM & 1 Rakudo S22 CHICfHib i 2 KA TH %, Rakudo Tl Perl6 & NQP
% EATT BBICRAEEENR o7 T 5, 2 ORAEERIZ OS L~ L o RIS 5
VirtualBox % gemu & #7220, 70X AL )LD TH 5, Rakudo Tld 2 DAH
FEMEIC MoarVM,  Java DIRFEEENK Td % JVM(JavaVirtualMachine) 25E&IRATRETH 5
MoarVM (% Z D¢ Rakudo ME ITER S 7z 7o & 2B CH D . BIfED Rakudo
TRyl FOEREFEELELSTVS,

MoarVM X C BB CHEINTED, LIRY2> v THb, MoarVM 13 NQP $
Perl6 2> 6 5.2 54172 MoarVM /N4 b a2 — FZ§ifi 7 5,

MoarVM HEDH R IZFEDITHONT W EH, BFEDSL  I3FiEis I i
DT> T3, HE FAZHIELZ 702 27 FSEEIZT 205, NATA2RMDH
LEEZOSNG, $7-, WEBTIZ Lualit EWH) JITaVy A VHDIA 77 ) ZF AL

7



TWa, JITICHR L CHEEF — 20 ERNTVR L, 205, A2l JIT
S PR A RENGEHEE L TEL, HE ERFCIBELREY 2 — bk S0
%

i
Sy

o

3.4 NQP

NQP & & Rakudo I2E1F % Perl6 DEIEICHAHIN TS 70 s 7 IV IIFiETdH 5,
NQP A%, Perlo6 D% 7y b & LTHFESIN TS, FEHEIICIE Perle o 3754
23 Parrot T - 72BRICBIFE I 41, BAED Rakudo 125 E k2341 T %, Rakudo IZE T
% NQP X, Parrot i{FTH - 72 FED b T3

%KX%&EHPMMLE&LTm%b\:xﬁ%ﬁﬁfg§?50477nyhﬁ
HAD—HFIHTE %\, Perl6 ISFAET 2 % £33 —EFIH T E 2 wvwin Eofilfus it
3%,

NQP D a—Ff§lzyY —RAa—F 3.21TR7,

V—Z2a—F 32 748y FBIZKDLNQP DY —Ra—F

#! nqp

sub fib($n) {
$n < 2 7?7 $n ! fib($n-1) + fib($n - 2);
}

my $N := 29;

0 O U WN

9 |my $t0 := ngp::time_n(Q);
10 |my $z := £ib($N);
11 |my $t1 := ngp::time_n();

13 | say ("fib($N) =" ~ £ib($N));
14 | say ("time,uu=y" T ($t1-$t0));

Perl6 (& NQP THEIN TV 54, Perl6 i85 VM IZNQP 0FEfT2HEEE LTH
BINTW3G,

NQP HikdH NQP TEEINTED, NQPDENL FIZIZFOHEI N/ MoarVM 72
EDOVMANA Fa—FIZKBNQP A v 7 F 03 8i L 7 5, EERIZ NQP NESTAT
ELTHEZONZNQP 26 MEGTZAERT2HIZY —Aa—F331TRT,

Y —2Za—F 3.3: NQP 2Mn&dr 4 % £ 2 T

1 |$ops.add_hll_op(’ngp’, ’preinc’, -> $qastcomp, $op {
2 my $var := $op[0];

3 unless ngp::istype($var, QAST::Var) {

4 ngp: :die("Pre-increment ,can only, work, on a variable");
5 X

6 $gastcomp.as_mast (QAST: :Op.new(

7 :op(’bind’),

8 $var,

9 QAST: :Op.new(

10 top(’add_i’),

11 $var,

12 QAST::IVal.new( :value(l) )

13 )))s

141




MoarVM ZfH 3 5546, MoarVM DELT/8A U TH % moar IR L T, 7477
VRA ERFPOHBELZZNQP A 7 7Y DA b a— FIZEET 5, moar DFLH)
HMoOIFEIZ, a2V FIAL VBEBOA 7 a v CEZBENAETHSE, 20k, BEIC
FAEL TV 5 MoarVM N4 P a—FCRtib SNz NQP DA » V¥ 7 74 V%, Y]
WA 7> a vy THEL., moar #FITT 5 ETNQP DA v ¥ 7)) #3EHE)§ 5,

NQPOENL R 70 —D—#%#X 3.2 177,

NQP DENL FIZE, TONQPA Y7V % F3THMHL., NQP HkDY —Za—
FEANLTEZ, =7 v e VMONAL ba—F2ERT5, BRICHEBEINT
W3, =7y bDVMDNAL Fa—FELTw% NQP A v ¥ 7 ¥ DIREE%R Stage)
EMES, StageO ZFJHL. NQP VY —Aa—F26ELFLEZNQPA V¥ V¥ THD
NA Fa—F%, Stagel &EWES,

3.2: NQP Stagel DEILF 70—

NQP interpreter (Stage0)

ngp stage0 '
(MoarVM ByteCode) '
]

L}
o -
(] (]

NQP Souce Code|—__3,"! ! ngp stagel
(.nap) X ! . | (MoarVM ByteCode)

MoarVM

Stagel % moar DFLEIRFA 7> a v Ic74 77V E LTREL, EHEILZZNQP A~ ¥
TV THEELVRFLEZNQP A »¥ 7Y ¥ %, Stage2 EWES, ZO2EHDE )L KT,
V—ZAaA—=FPoLENFIN/ZVMAA Fa—FTNQPHEZENL N LHFIIKRS, AL
HAHSG2ZOMBATEL T 2HZ2ZLL7ENL R ENNY, NQPIZRLZELFR L
Stage2 DN Fa—F2FHT 5, 2EHDE )L FORRICA R S 417z Stage2 ZFH L T,
moar ZELHIT 5 A7) 7 DHEZ/NLFD ngp EFFR, TNBNQP DA ¥ 7'V 5D
avv NERb,

ngp FHEH L TW3 VM DA F a— F2EKT 2866235 D, Rakudo @ EJL FIRFIZ
X ZOBEZFIHLTANA Fa—FE2ERT 5,



FT|A4E CbClckdMoarVM

4.1 RVVZREZB?O/INAMI—FK

TR r5 I SEENMRIE RN, v L I RIEA YTV ZIT, RO Y —
22— FEANELTEZ %, UWBRIZY — 22— Fho&EXFH %2, F—27 v M
NBBERICEWT 2, F—27 VIZUHRIZES>TIIA T2 7 P Z2Db D EICEBIN
5, ZDOr—=7 17 @?%71—f%$ﬁ%ﬁkwgoﬁmémt 7Vﬁ PUER
DIATT IV IEEOLELREITR STV EDE ) OMRZITI . EIIR>Twi
Y. SQEIZIGUTER— 7/75:*1‘%L MRS B, e WESURNT & PSS, %B'Cﬁﬁﬁ@
#%lx, FBA Vv Z TV IEEEENGHEEO 0 77 I v IEHEOEA. ok
AREEEDIRD S HRFEZATT 5, ZONHOFNE K 411278 T, HEEHEOREFEITT 2
&, EHEZOLOIZHEMIC R 505, B EDIERIC D5 EOREDH B,

B 4.1: BEXCRZEEFGT T2 7075 IV 7 SHEOUB DTN

WEOFWMBE A7) 7 FEiEE, —HEL I CKRZ AL Fa—FEEns N g
U%ﬁ_xmﬁéoA4k:—b%ﬂﬁ?%@ﬁ@fnfﬁsyféﬁm\@@@ﬁ
NZEXA42I1R8T, TOHA., ANV —Ra—F%&24 ba— NIicEd 39238
&, BRI NTNA b a— Pz 2 IR 25 6 15, REEEERRIE OS
DIIal—FTlE%RL., 7ukA il v EMEEINEZbDTHBE, N Fa—F%
ERHTE R0 7 n 7 3 v ik Jw&!Mm®ﬁm%W JVM DT 5,
WA L TR D EZIFH I I N R WEGEIC, CHiETHEEI N MRI LIENn 5
ruby DHERZR ENH D, Z DIRFEEEIRIC YARV 2MFET %, N%F:—P%%&?%:
ET, av A NRHYT IAE L | B2 2T 2 RO FEEE IS BT B FH]
BEED, ZNFIUTHEL 78 %mkﬂb% EN[REE 70 %, FFTT 2BOME LN
A ba—Fx2EHTLZIETLEAT S,

Rakudo Tl Perl6, NQP BZNZNHRD VM D N4 b a—FE4KL, ZDNA
Fa—FZVMPHEITT S, N Fa—FERFTONUMEZ 70y by FEER, N
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42: N ra—FEHEHT L7073 EEONHOTN

eval

input output input Process VM

= = #1 (eg. PerlVM, YARY,
JVM)

input source code
(eg. Perl, Ruby, Java..)

ByteCode
(eg. java=> .class)

—

- = Compiler >

JIT
\J

LN

Native Code

A ba—=FroiHliZ{THINIEE NNy 720 FEMESR, Z351F Java DRRICANA F a—
FEHHT2HLARETH 208, 4 772 a v TIREL R WIRY X, ruby 7% EDORERICNE
DA NA b a—RF2FHT %, 32 Rakudo THIH 1T v 2 AR IC C D
MoarVM 23 1), AWFFETIE MoarVM D NA b 2 — FFHIiE I 2 \»THE 2 3 %,

4.2 AYIFILD MoarVM DALIE

CbC TMoarVM ZEHEHZ 2FRIC, WELRDETE2FEETIHIHEL VW, A7) 7

SO ZROTLMNE, B 25N NNA b a— N o EEOUM % B REWET 557
ThHb, ZDWTENL Pa—=FAL vy 7Yy LR, SAlid MoarVM O iz % i
T 5512, £ MoarVM DXL Fa— KA ¥ 7Y ¥EHrOESHRZ 2179, HE
$az 2179 12H720,. MoarVM DAV P F VDT OFEERMERT 2, SHINELE T2
MoarVM DN —2 3 »13 2018.04.01 TH 5.,

MoarVM D NA b a—FliE, 74—y FPRFEFSTED, HEOEKRDH 534 b
a—FOELHLEZSTWS, SHlE, MoarVM Ofirsr 2 FEIT T 3BT, sa—F
BT 54 ba—FoEIcERHT %5, 24U, SRESHZ 259 5 MoarVM
NA Fa—FA vy 7)) o35 siiHm, fHiidT 5284 Fa— FO#gsy, @maa— AN
A Fa— Pt 2% Th 25, MoarVM D34 b a—Fofio, i wfing 2,34
b a— FORRZ X 4.3 12T,

4.3: MoarVM D44 Fa—F

bank(@$%1EY) ARI=K

0 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0

L £z8bit Tiz8bit

MoarVM DN b a—FiZ16 Ey b TH 5, 8y b2d, Ny 7 LIS
Moty NORELE RS, MoarVM D3Ny 7D 006 127 %% F TH. MoarVM D
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ATHERELE o TED, 12856 255 F/E TS, HEWRELAM ALY PEhkoTws, T
M8EY M, NV I7ONWNHMOMBIREL HoT05, MHICkoTiE, ZOHDNA
FAa—=FTOMUEDART Y F2BEET MDD, A7V FOPIZIEFLIASID
BEE, Bl EVBHOAEN, A4 Fa—FLDOMIBDDHIZ 16 €y b TREL
INs,

MoarVM D N A k2 — F A % 7Y 13 src/core/interp.c DB MVM_interp_run
TERINTVS, ZOETIE MoarVM DA F a— Fofio, @ficiigd 2,54
Fa— RFzERT 5, BBATIR, BRT2E N1 b a— FIDEHS v 24%
cur_op ¥, BEE XD B2 LA T op. RIS L TRIFETHAED VM ERTH %
ThreadContex tc 7 EWEEE L THIHI N T WS, FHBEIZmBT 4+ A%y F2{T->T»
L O—#%2 Y — A3 —F4.11TR7,

V—Aa2—F 4.1: YT FILD MoarVM DT 4 A28y FH50457

1 DISPATCH(NEXT_0OP) {

2 0P (no_op) :

3 goto NEXT;

4 OP(const_i8):

5 OP(const_i16):

6 OP(const_i32):

7 MVM_exception_throw_adhoc(tc, "const_iX_ NYI");

8 OP(const_i64) :

9 GET_REG(cur_op, 0).i64 = MVM_BC_get_I64(cur_op, 2);

10 cur_op += 10;

11 goto NEXT;

12 0P (pushcompsc) : {

13 MVMObject * const sc = GET_REG(cur_op, 0).o0;

14 if (REPR(sc)->ID != MVM_REPR_ID_SCRef)

15 MVM_exception_throw_adhoc(tc, "Can only, push an SCRef with
pushcompsc") ;

16 if (MVM_is_null(tc, tc->compiling_scs)) {

17 MVMROOT (tc, sc, {

18 tc->compiling_scs = MVM_repr_alloc_init(tc, tc->instance->

boot_types.BOOTArray) ;

19 s

20 }

21 MVM_repr_unshift_o(tc, tc->compiling_scs, sc);

22 cur_op += 2;

23 goto NEXT;

24 }

25 }

V—Za—F41%HD OP(*) £EDPNTLEEHIH., ZNFNDNA b a— FHR
Tt >oTw5, HlZidnoopld, MbLEVHATHSLD, v7 1 NEXT
ZRHAL 7075007 YHBED curop ZHED 2 DADINEZITSH, Tl BT
% DISPATCH > OP , NEXT R EEFZhZFn~7rud L TERINTVS, Z1H
MoarVM_interp_run HC, FJHINS w7 nDEHEEZ, VY —RA 23— F 421077,

V—Aa2—F 4.2: VY F )LD MoarVM._interp_run ¢ I N5~/ 1

#define NEXT_OP (op = *(MVMuint16 *) (cur_op), cur_op += 2, op)

#if MVM_CGOTO

#define DISPATCH(op)

#define OP(name) OP_ ## name
#define NEXT *LABELS[NEXT_OP]

S U W N
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7 | #else

8 | #define DISPATCH(op) switch (op)

9 |#define OP(name) case MVM_OP_ ## name
10 | #define NEXT runloop

11 | #endif

Zowrzuphcid, FIHLTWS Carv g 73087 LI L TD goto BRI TE
5. avA FIEZFEEL TR AEAIZ MVM_CGOTOE LD, 61TH T
TEN5, ZNUNOGEIZITHMUED > 7 a @R ER D, 7L goto BWHHTE 3
5. ~7uDISPATCH 1ZZ2H E LTEEIN., 70 0Pk, ZNZNoOmmicxf
IGL7 7 R_RVER D, ZOGEDONMORNZ 4.4125R87F,

4.4: 7 )V goto BT E 256D A Y ¥ )LD MVM._interp_run DB DL

MVM_interp_runsf

> e d—Ric
WIS 202

A

N7 ONEXTT
SRILFTH L

Z~Jlgoto

ROGAIBET 2803, <271 NEXT_OP %\ T cur.op ZXRDMFICBE X ¥,
op DIEZTHRET 5, ZDop BFETTREMBOHESTDHMINT WS, op ZHWT,
YV —A2—F43 IR TESILABELS 206, frRIcXnd % 7 NV z2Hi$9 %5, LABELS
27 v OP ML 727 RXVDY AR THSL, V—A2—F41DEE, noop & op 23
0 MRA I, const_i8 IF 1 REI N TV 5,

YV —Za—F 4.3: MoarVM D4 7 NIVDSERIE I LT\ B 5

static const void * const LABELS[] = {
&&0P_no_op,
&&0P_const_i8,
&&0P_const_il6,
&&0P_const_i32,
&&0P_const_i64,
&&0P_const_n32,
&&0P_const_n64,
9 &&0P_const_s,

0O~ O UL W~

10 &&0P_set,
11 &&0P_extend_u8,
12 &&0P_extend_ul6,

13




13 &&0P_extend_u32,
14 &&0P_extend_i8,
15 &&0P_extend_il16,

7 )b goto DIFHTE i, <27 1 DISPATCH i switch 3XIZ, OP 13 case XIZ
ZFNEFNEHIND, curop FBIEZ DD DTH B4, ZOHEIE T NVEII~DT 7
£ 213 Thb i\, case UTEHI NI GE DM DTN E 4.5 IT3T,

4.5: case I I NHGAHEDA Y ¥ F )LD MVM._interp_run DLEED i

MVM _interp_run

meI—NRI

caseX THBE 6 408

\

X2 ONEXTT
% J'goto

switchX ¢
N | —
ROMBZETTVF

FHYV—RAa—F410HFICEEFNTVWE2272 GET REGIZ., VY—Aa—F44IC
NTEREBRINTN S

V—Aa—F 44 LY AV IEREZIEET %5~ 27 1 GET_REG

1 ’#define GET_REG(pc, idx) reg_base[*((MVMuintl6 *) (pc + idx))]

fil reg base 1% MoarVM _ETHIHI S5, MoarVM DL Y ZAFZ DY A FTH b, Z
D=7 afdpeld, MVM.interp_run ETlE curop & > T 5, idx & 2 & R
ICERELTE D, PIZAIL consti64 W THH ST % GET_REG &, idx D230 123
EINTVS, Z3d MoarVM 231 ¥ 2 Z [ Z UG § 281, a2 HARICHiR IS
BMTE2L PRI ZIHEN R LTH S, SHLTVE LI RAYESDE L reg base 1&,
MVM_interprun F IR —ANVEHE L TESEINT S

MoarVM @D 7 4 A%y FH857 1%, case XITAEHAZ ﬂ%_‘[%‘@?ﬁ H 5, fi€>T, MoarVM
DA 2 — FICHIRT 208 E, CY—RA7 7 A VOREDLFTICHLAE X5 21374\,
CDHEDSG., mma— NS T 20D 7 7 A Vi3l EDEY 2 — W LDMT R
I 17 7AWLY ORtdEPERICES>TLE ),

14



4.3 CbClIc &k MoarVM DR

interp.c N® MVM_interp_run CTlk, @B 2I—FDT 4 Ay FiF~w7uzflHL
cur_op DeIE KN T X)L goto, b L £ l&¥ 7 v DISPATCH IZ & % switch-case XX TfT >
Tz, TDT 4 ARy FHIETIE, case XEHHT 2088 MERH 2720, 7 74 UD
TIRICG2HP, Y 2 — MR & W) REDAEL %,

CbCIZ k> THEMZ 21757 MoarVM TH %, CbCMoarVM Tl Z Ol % figik
T 5412, CodeGear DEZZEAT S, £9. MoarVM D4 )3 % CodeGear
ZUE L. % CodeGear D4R Z HFH & L TR CbC @ CodeGear 7— 7 )V ZERR L 72,
CodeGear DT — 7L, FFED cbe_next &> CodeGear 2255 T %, cbe_next 25
firr Z & D CodeGear IZE L, mICMIGd 203 % L 724212, cbenext IZED ., Hl
D FIZX)ET % CodeGear IZEEZH# DK T, D cbenext F, J6D MVM._interp_run
THEHINTWS 227 u NEXT %, CodeGear THEEL DD TH S, EEICHEHE
L7z2 27k, cbenext #Y —A 32— F 45127,

Y —Za—F 4.5: cbenext XX CbCMoarVM TH =< 7 a

1 |#define NEXT_OP(i) (i->op = *(MVMuint16 *) (i->cur_op), i->cur_op += 2, i->op)
2

3 |#define DISPATCH(op) {goto (CODES[opl)(i);}

4 |#define OP(name) OP_ ## name

5 | #define NEXT(i) CODES[NEXT_OP(i)] (i)

6 | static int tracing_enabled = O;

7

8 | __code cbc_next(INTERP i){

9 goto NEXT(i);

10 | }

CodeGear [B] D EMMGEZ HOITEGT L T 5 4, switch case XZFIHT 5~ 1l
HIFR L7z, £, &~ 270bql#ic, 2HizEALTWS, 28k, N Fa—F
A7) INTHHT S, MoarVM DL ¥ X ¥ 1E# s EDMI N, &k~
KA VI TH D, i DR THER INTER, WOV i ORITH 2 EA INTERP 12, Y —
7\:—F460)/T79“ot7 ICHES LT3, 2, =7 e P CEREDMAZ R T op .
w4l curop IZ7 7 v AT HENH B0, FERD <7 v DFdih Tt CbC Z A L 7%
Baic, 2RI 77422515167202%7,%:@7\1,“@)

YV — A 32— F 4.6: MoarVM D& % #&H8 L 7- &k INTER

1 |typedef struct interp {

2 MVMuint16 op;

3 /% Points to the place in the bytecode right after the current opcode. */
4 /* See the NEXT_OP macro for making sense of this */

5 MVMuint8 *cur_op;

6

7 /% The current frame’s bytecode start. */

8 MVMuint8 *bytecode_start;

9

10 /* Points to the base of the current register set for the frame we
11 * gre presently in. */

12 MVMRegister *reg_base;

13

14 /* Points to the current compilation unit. */

15




15 MVMCompUnit *cu;

16

17 /* The current call site we’re constructing. */
18 MVMCallsite *cur_callsite;

19

20 MVMThreadContext *tc;

21 | } INTER,*INTERP;

4.4 WHEETEAD CodeGear NDZTHA

MAFATREATIE. case XX T X)L goto TEHE) L 7B ICGtdb I NiT w35, 206 DfF
iz, ZNZNHHD CodeGear ICEH#AT 2 2 LT, M DFEITE CodeGear DIER &
LCTCbC ZFHLTHET 2, MVM.nterprun CTld, Y —Aa—F41HTRTEE
h, =7 OP ZHVTiBINTWV3,

OP Z W TR L T 3 ZnZhnofaid, WhH Y — A2 — F431I37 7 LS,
¥ 7213 switch case XTEBT 5, fERIZY —Ra—F 421087, 28 op DEFIHL <
Z <70 NEXT THROMAED 7 X)L, B LW switch XICHZ 5 EPEJTAUHAEZ L T
7z, CodeGear TOFEDIEL, DA V¥ —7 24 AW TIET 5, 28 op DEUiE
Z, V—=Z2a—=F431RT 7SO, aaDEGHENIRL TW5, ZD%, i
L 72 CodeGear Z, 7 ~OVELH & Hf7 2 WG S &, CodeGear DECH ZFLT 5,
IEF & Z )5 E UL, CodeGear D4 HIZ L3 A\, FEE/ERKL L 72 CodeGear D
YA M2V —=RA2—=FAT7TIIRT, 2L 72 CodeGear 13, Z1LZ 4 CodeGear TH 5 Z
ERANT Ay, HEHEEEE L Tcebe 27T w35,

Y — A 32— F 4.7: CodeGear FEH D —i

__code (* CODES[]) (INTERP) = {
cbc_no_op,
cbc_const_i8,
cbc_const_i16,
cbc_const_i32,
cbc_const_i64,
cbc_const_n32,
cbc_const_n64,

9 cbc_const_s,

10 cbc_set,

11 cbc_extend_u8,

12 cbc_extend_ul6,

0~ O UL W

BN K I InT % CodeGear D—i%#2., VY —Aa2—F 4817 T, 2D
CodeGear 13V —A2A2—F4.1 EXHLTWw 5

YV —Z2a2—F 4.8: CbCMoarVM D34 + 2 — Fapaic M9 % CodeGear

__code cbc_no_op(INTERP i){
goto cbc_next(i);

__code cbc_const_i8(INTERP i){
goto cbc_const_i16(i);

__code cbc_const_i16(INTERP i){
goto cbc_const_i32(i);

0 O Uk WN =
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9|}

10 | __code cbc_const_i32(INTERP i){

11 MVM_exception_throw_adhoc(i—>tc, "const_iX, NYI");

12 goto cbc_const_i64(i);

13|}

14 | __code cbc_const_i64(INTERP i){

15 GET_REG(i->cur_op, 0,i).i64 = MVM_BC_get_I64(i->cur_op, 2);

16 i->cur_op += 10;

17 goto cbc_next(i);

18 | }

19 | __code cbc_pushcompsc(INTERP i){

20 static MVMObject * sc;

21 sc = GET_REG(i->cur_op, 0,i).0;

22 if (REPR(sc)->ID != MVM_REPR_ID_SCRef)

23 MVM_exception_throw_adhoc(i->tc, "Can only, push, an SCRef with pushcompsc")

24 if (MVM_is_null(i->tc, i->tc->compiling_scs)) {

25 MVMROOT (i->tc, sc, {

26 i->tc->compiling_scs = MVM_repr_alloc_init(i->tc, i->tc->instance->
boot_types.BO0TArray) ;

27 B;

28 }

29 MVM_repr_unshift_o(i—>tc, i->tc->compiling_scs, sc);

30 i->cur_op += 2;

31 goto cbc_next(i);

32|}

% CodeGear 1Z AT & U THEER INTER DR A ¥ #FHT %, T, FamaoHf
T L T3 curop R tc 2 EDEBADT 7 ADETH 5, WD MoarVM D4,
MVM _interp_run DBIEINTH 7 goto . switch X & FH$ % £, MVM._interp_run
DU —ANEBICEM AU TT 72 AT 5 H00AETH 5, LH L, CbCMoarVM
D%y, MVM_interp run 2> 6 BEEMGEZFH L. CodeGear IZEB L TL X )4, 2
Noa—ANEEIIT 7R A TERD,

fERL L 72 CodeGear DY A F CODES 1, Y —A2a2—F45IZR”TEED, cbenext
&9 CodeGear DADHID K 9, cbemnext id, 7 NEXT ZFHL T3, <7
2 NEXT i CODESIZ7 72 AL, WREXR D CodeGear DFHHIZHFFT %, CodeGear
ZHAGFZ. BIBELTiZzZEL, goto XIZTX > T Z & D CodeGear IZEET 5,

maET 4 A%y FIZBHT % CodeGear DIRFEBRE X % X 4.6 12757,

4.6: CbCMoarVM D34 b a— F 7 4 A8y FDOIREERE

other cbc
code gear
-

other C function
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X DREHRER 77 12l E O C FREDBIBIFOH L 23745, CodeGear 225 C DEIET
OCHLOBRYEZFHT 2 2 R EI3EED C Sk L FARICTTRETH 5, A NG
L 7z CodeGear (%, cbcmnext 2>5&% L, WUBZ1T> 74 cbenext 12 goto X CHERAK
T IR

F7o. B - Od Iz switch case SCTD., break 3FAER T, KD case LI
T2 BT 5, % CodeGear 12 1 FICPHE TL £ 5T 545, cbenext Tl
72K, BRI RIZR D CodeGear ZI5E T 20523 H 5, S IIEE CodeGear HIZ
E%FED CodeGear % goto XZ I TEEA L 7z, VY —RAa—F 4.8 HTld, cbe_const_i8
R EDEMT 5,

MROBIIEKRKTH 54, 2T2FERETEHET2DIFEFE L  Lv, RFZE Tl Perl
A7 7 FZHWT, interp.c 2> 5@ % CodeGear IZZNZNZEHL . CodeGear DY
A b HBPNAER T 2 A7) 2B L7z, 2OARAZ ) 7 MIDLFOBIEFHE 25K
195,

o OP(.*) ¥ % CodeGear DRI & LT, JEUHIC che 2D 72 L TERET %,

o curop & ¥, MG INTER DX Y NEHIZ, FA VP inoZHT 5 L) B
ER-E

o GCHEDH~ 271 MVMROOT ZHH L T 2T, —E4Y I —DRE %R
hd %,

o KED goto NEXT % goto chenext(i) IZEIET 5,

o case LT P D case XIZBEATT 2EATIE. case UK T % CodeGear I2EET 5
BRIZ goto X2 ATIFMA 5,

ZDOHD MVMROOT #Y —ZXa—F 49127,

Y —Aa—F 4.9: MVMROOT DE#

/* Macros related to rooting objects into the temporaries list, and
* uynrooting them afterwards. */
#define MVMROOT(tc, obj_ref, block) do {\
MVM_gc_root_temp_push(tc, (MVMCollectable **)&(obj_ref)); \
block \
MVM_gc_root_temp_pop(tc); \
} while (0)

O U W

MVMROOT &, fTW 72 WALBE DI T, MVM_gc_root_temp RAED push & pop D A
¥y VEEOBBEFETT S, Ui, MoarVM 23T L T A R—YaL sy a v
I, T WO A 7Y = 7 BRI N DEi o DUITH 5, HR—
Yavrryarvpizlioliz, MVM_geroot_temp_push Tld, KRIZEEDHECS
WC—RICA 7P 27 P DT FLAZANS, ZDOA 7Y =7 Mk, CodeGear HD 1 —
HNEETH 50, CodeGear F1D 1 — A )IVEEILEH D CodeGear IZFEH T 2 BRI
5L, COMEBEZZEEL Ly, 2024, MVMROOT Z MU T D8
A3, MVMROOT %29 i 2l OB%T7 v 7L, CodeGear 5 BABIFOH L @
AT 0N v I
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4.5 MoarVM DFINv S

CbC TH E#a 2 72 MoarVM TdH % CbCMoarVM 1, Bt gcc, LLVM/clang 125
WLTWBCbCav 4 7 TENLVFTE2HNAMTH S, £/, ZNZEN03 £ TOR
WA 7> a v Z2ENV FRICHEEL TOENL P 2HPARETH %,

MoarVM OF ZH#az 12> T, IEHFIZA Y P F LD MoarVM & RIUIR 2 #\ % F %7

e L7, MoarVM HARICIFBIET A F 2 — FOMAE L v, MoarVM @Y A b
YND X v+ —212iE, MoarVM _ETEIfET 2 NQP, KU Rakudo IZfJFEL TV 5 7 &
Fa—FT, MoarVM DF#:i%2 7 A + § 2 HMBHEREI N T3, NQP 5 Rakudo D 7 A
M, VY—RAa—F4101n ke a—FZ2FHT 2%, FHERIZNQP & Perlo DA » % 7
Y& ELTENNLZ, ngpPperl6 2~y FZ2ETT 5, FTRHCH DI NBRE.
HARET 251D —HT 20 2R T 52X TH 5,

YV —Aa—F 4.10: NQP © 7 A F 2a— F Dl

#! nqp
# check control structure ’if’
say(’1..67);

if 1 { say("ok,l_#_on one line"); }

0 O ULk W N

9 | say ("ok_ 2 #_ statements following if are okay") ;
11 [if 1 {
12 say ("ok,3 # multi-line if");

15 |if 0 {
16 print("not,");

NQP % Rakudo D7 A F {79 1Cld, ¥V 7 EL VR LEZNETNDA v ¥ 7)) ¥ TH
% nqp. perle ZES 2T NER SR, UL, Z06Z2EINL FT 5E121F MoarVM
DFETNA F V) TH % moar ZHTEDDH 5, nqp 2 EDEIN FRHZIZ, ANELT
HBZoNINA Fa—F2@rL. Moz T4 ANy F T2, fa—Ff 087
VY RSS2 2800, SEEANA Fa— T4 ARy FoeEBSMI A, 2
DTN TPELCTVWDE E, ZHZ D ngp P perl6 Z4ERT 2 HIHK R\, 2D,
M L 72> ngp % perl6 D7 A b a— Fziijz@ L TR T 2 HBHIKRZ 0w, 6o T,
4ENE MoarVM HIRIC NS Fa—F2 AN ELTEZ, W 28E2 35089 0%
WA IR T 20688 H 5,

4.6 CbCMoarVM DT I\ '

CbCMoarVM DXIEFIZNA P a—FZFTLTwa0E ) »id, EFEICEICAY ‘/“7L
LD MoarVM &, FEITL72NA ba—FoESZHRAIT S Z &Tﬁ%mﬁf%$7§ [ He
5, ANMELTEZLZAZ Y T MEEIZHEUNA Fa—Fi k@?ﬂ%&%a%ﬂ%#\
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MoarVM (¥4 b 2 — FIZ UUID DRV ZEOIAATL £ %, WL 774V 252
THHERINDE N, Fa—FBRE->TLE), 20%, NQP A~ ¥ 7Y %D REPL D
RAREZ v, 22 0o VM DH U frd o U %2 Bl 3 2 BRICTHEE T 5,
=k, N ba—FA v ¥ 7 & MVM.interprun DY — A a2 — FHT, ROfn
DREIET 2/TC, eI 2 8EE BT ARk A %, 2Dl %, gdb
BREDT Ny A E script aw v FaEzHoeTca 72D, perleEDRA 7Y 7 FzHw
TN %, EBRCESZMER LA Z ) 7 OFETHERO—B%2, VY—RAa—1F411
IR d,

YV — A 32— F 4.11: MoarVM & CbCMoarVM D FEf a4 D 72255

25 : 25 : cbc_unless_i

247 : 247 : cbc_null

54 : 54 : cbc_return_o

140 : 140 : cbc_checkarity

5568 : 558 : cbc_paramnamesused
159 : 159 : cbc_getcode

391 : 391 : cbc_decont

127 : 127 : cbc_prepargs

*139 : 162
cbc_invoke_o:cbc_takeclosure

O © 00O U WN

[y

EATD3A ) ¥ F LD MoarVM D FEf T4 ThH . £H172° CbCMoarVM D 764
Hs, HHLTwsmaHETd. ZNZFNLABEL % CODES & ED ) A k ORES
DEFGERMIDL TV B4, MIiHT % CodeGear 4 Z FARFICH I L TW 3B, « 235EHHIC A
BT 21T CEBMPHELTED, ZNTNEITL TG5O THEL 2 HIHER
K2, ZoflTid, A4V LFILD MoarVM 13 invoke.o fIfZFEITL TV BDIZX L.
CbCMoarVM Tl takeclosure firfr % Ei7L T\ 3,

4.7 CbCMoarVM DIRFEDEL

CbCMoarVM 13BI#E,  Perl6 D% 7% v FTh % NQP. NQP THE b 417z Perlo D E
WRIZHEIILTWS, K5iDA 5 7V ¥ Tdh % ngp, perl6 FHiz, CbCMoarVM D
Fir A ) 2L TEIEY 5,

TNy JIRORELZ: £ 6, BIER AV F VDAL ba— A vy 7)) yEnk
FEIT7 950, CoCTRidIN/ZnNA ba—FA vy VI E2FETT 02t T avsk
HWLGERAMEE 2> T 5,

FrZnZnoTAFa— N, BHEILO MoarVM & [F%D 7 A MiE#ER %z 713 LT
W3,
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B5E CbCMoarVM Dk

HiE £ CI2. MoarVM O—EL %2 ChC COESHLZ # 3L 7=, RETIZ, CbC-
MoarVM D 2179 6

5.1 MRNEBDOEY 21—l

MoarVM D a— R 7 4 A28y FE5rE. B case 3R 7 X)L got ICAHAI 1L 5
72, 17 7 A NORLAE 5 213745 p0 7, FHEHA 7 CodeGear 13, BIELDORRIC CbC
D264 ) FHARETH 5, MoarVM Dfirfr 2 — R 7 4 A%y F Tl GirdiSIE§ 2 BfiE
ZAMHA LT, case XXUFIAIN D 5FHTT 25 70 E2HD HHL Tw, CbCMoarVM
Tl. CodeGear DELGTH I HEL T3, ZORHIDEFRNAD ARG I E
I, CbCMoarVM NI MG T % CodeGear DE L GFTIZb R 25, 2D,
AU 2 7 7 A MICEEHIT R EDEY 2 — ULDTAIRE & 7o 72,

BV 2= ULDTARE L oo 72 2 LTy T 4 A%y T DB & EERICIHELTT S gy
CRE R pEEHR -, Zuc k), VY—Ra—F EonEte, @bl A a— 7 EH
ENRA VYT FIND MoarVM & Ll L A[EE & 72 o 72,

5.2 CbCMoarVM DT I\w

FHL TNy A TH 5 gdb % lldb TlE, BIBUCIZERE break point % i%E T % HO3H[HE
TH 5, MoarVM D/NA k2 — F 5 4 2%y FH4713 case XK 7 )L goto IZZEHA I 1,
B e LTl DR, > T frmiSxind 2 LB 53 C break point % 5%iE %
1856, TP EDIN TS MVM._interp_run BI%IZ break point % #iE$ % 4%
BHb, TakAEEE, BEEIEIPNTVS interp.c 7 74 VHOITHRSZIREL T
break point # ff i} 2 F U &7\, F, T4 A8y FTRBUEXIZ 7 V&2 FIF L
TWw3, 2OHEPL, VY—Aa—F51InRTLHc, TNy ETHEEEDMA % HE
19 2000 % 3 2 HVWEHETH 5,

Y — A a2—F 5.1: MoarVM @ break point kb L — AIKFDER

1 | Breakpoint 1, dummy () at src/core/interp.c:46

2|46 }

3 |#1 0x00007ffff75608fe in MVM_interp_run (tc=0x604a20,

4 initial_invoke=0x7ffff76c7168 <toplevel_initial_invoke>, invoke_data=0x67£ff10
)

5 at src/core/interp.c:119
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119 goto NEXT;
$1 = 159

Breakpoint 1, dummy () at src/core/interp.c:46

46 }

#1 0x00007fff£f75689da in MVM_interp_run (tc=0x604a20,
initial_invoke=0x7ffff76c7168 <toplevel_initial_invoke>, invoke_data=0x67f£10

)

at src/core/interp.c:1169

1169 goto NEXT;

$2 = 162

CodeGear 1B E LT D FHHTE 5 4. break point & L TEHIEHET 5 FHOHA[EET

b5,

F7. gdb R EDT Ny ML, FATTERNEEBH 2 TR T 2RV RETH 570,

CodeGear DAHTH RRNE[BETH 5, CodeGear i EXIBL TW A A, CodeGear
Lot HENT 2 HEIAREE o, EBICT ANy EoFRRE, V—RAa—F
5217,

0 T O Uk WN =

Y —Aa—F 52: CbCMoarVM @ break point F L — AR DRI

Breakpoint 2, cbc_next (i=0x7fffffffdc30) at src/core/cbc-interp.cbc:61
61 goto NEXT(i);

$1 = (void (%) (INTERP)) Ox7ffff7566f53 <cbc_takeclosure>

$2 = 162

Breakpoint 2, cbc_next (i=0x7fffffffdc30) at src/core/cbc-interp.cbc:61
61 goto NEXT(i);

$3 = (void (%) (INTERP)) Ox7ffff7565f86 <cbc_checkarity>

$4 = 140

Breakpoint 2, cbc_next (i=0x7fffffffdc30) at src/core/cbc-interp.cbc:61
61 goto NEXT(i);

$5 = (void (*) (INTERP)) Ox7ffff7579d06 <cbc_paramnamesused>

$6 = 558

53 NT7A—=VVR

AV FNDNAL Fa—F Ay 7Y%, CbCMoarVM XA ba—FA & 7)) %D
g 5T 2 HE L 7z, BREEICIE, Perl6 XD QBEETH S Z 06 NQP 2R L 72,
T2 NQP 7R 277 Lk, V—AI—=F321IRT 74 RF v FEIN %KD % Hl#E

k\

0 O U WN

V—=RZAaA—=F53IZRTA 7YXy bEEL— 7T\ 202 ER L 7,
V—AA—F53 A V7YXV FZEEDIRTNQP OV v I La—F

#! ngp
my $count := 100_000_000;
my $i := 0;

while ++$i <= $count {

3

BREEH 2T 2R e RICRT,
CbCMoarVM TIZHGEEY 2 —LiFfTo T 33, BEARWNZHEE RIS T 5 9838
12T T\,
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£ 5.1 74 R8F v FEIN %KD 25

MoarVM | CbCMoarVM
1.379sec 1.636sec
1.350sec 1.8043sec
1.346sec 1.787sec

¢ 5.2 Yl — 7% 5E T 24
MoarVM | CbCMoarVM

7.499sec 6.135sec
7.844sec 6.362sec
6.746sec 6.074sec

5.4 Threaded Code

55 R&E

CbClZ CEEDOTMNEETHH., —FOTXy T IDMLEEETH S, WD CSHE
Tlx, BIEEOH L TR I N TWwE 7 =% 2 Ei#k L T CodeGear (25t L 22 11X 7
L\, 2Dk, CEIETHEMEEZITH XD IFETHMT 2 LB CodeGear DD X
TLZEI,

SHEDELETIZ, MoarVM DIE#HZ F & OEEKRD KA v ¥ 22 FETHETIT-
7oo MR L LT, BEHRORA 7 Th, HWEEKZDLDZZIFIETHEICE
WL, ZE2MRL, ZOMEERD X v NE, —8A Y SONEETR L X v N\ % 5]
LTw3, F:A v DZIFEL TRFEMHPIER T2, HEhzodboz2ELTLE
I LRI, ZDE, BEEEDOX N2, V—Z2a—F54IZRTXkHc, B
ERAL B THENEL 72, ZORIC CbC Z#E)G L 7256, T—YDZITEL 2IEW
WCEGRT 208D H 5,

Y — A 3a—F 5.4: CbCMoarVM @5 — % [F]H#}

code cbc_next (INTER i){
.tc—>interp_cur_op = &i.cur_op;
.tc—>interp_bytecode_start = &i.bytecode_start;
.tc—>interp_reg_base = &i.reg_base;
.tc->interp_cu = &i.cu;

__code (*c) (INTER);

c = CODES[NEXT_0P(i)];

N U W e
+ + + +
[ SR

¥, CbC ayv 34 IR—clibnTE 53, CbC a v %4 FDNTEIER,
gee, llvim/clang DN— 3 VIBEZ T T BEDBH 5, CbC a v 314 J1k, KE
P (tail call) D3HIZfT> T30, MoarVM 2 EDE KA 7Ry 27 b ETlk, 2
VOSAOVIRHIZERH S 8 2 BEO B D FEEDNEHETH H 5, ZUff> T, CodeGear TD
ABEL Ry 7 EEm a2 B 2IHRTE TR wly, CbC DHE L b T A 1E
DML 5,
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CbC %5 CHEEL NIV OPIZ B 2 BRI BIR A S kb 21T ) MDD 575 —ABE D |
COFREZITILDICa—FORPEMIVPEE->TLEI EDBEZLNS,

CbCMoarVM ZD b Db, MoarVM DFEEEIZTFZMZ T 5%, MoarVM DT v 7
T — MGBHET 205D D 5,
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AWFZE Tl Perl6 DAFERZETH 5 MoarVM IZEB W T, fifFa— FF 4 A28y F58%r % CbC
TEHEMZ -, CbCIE C oKLY bl 2kA 270, MFa—FDEY 2 —
WAL EDSHRE & 7o 72, S 121E MoarVM 72 & D SEBBLR IR LT, BIfvicaida
FEMNIETZCOCHDa—FEERL, geerEDCav 4 72HTHEIAL 77
DIBIZa v 84 )L L, MoarVM EFHIT 3 JIT & E DB ZHE L T3, £/, AN
ELTCHEZONTY —A7 7ANERRITL, 7077 0D ANER: E%ids & LTFHRE
L. ZBEONANL E %2 imBlalc 2841 U 725059217 (symbolick execution) 7% & D FIE 2R
L. MoarVM HEDEH Lz 2@ LT, CbC D FEUHEZ~DIGHZEET 5,
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